The present study attempts to investigate the dynamic interlinkages among the Asian, European and US stock markets. Daily closing prices of twelve stock indices relating to the period from 3 rd January 1998 to 30 th June 2010 and are used in the analysis. Both short and long run relationships are examined through Johansen-Juselius co integration and Vector Error Correction models (VECM) and Impulse Response Function (IRF). The results of the co integration test show strong co integration relationship across international stock prices indices. The results of the Vector Error Correction model reveal that the US and some of European and Asian Stock markets lead the Indian stock market. Finally, the evidence suggests that the impact of the US market on Indian stock returns is much higher than other way round.
Introduction
Stock markets across the world have become more integrated specifically during the post globalization period. If stock markets are integrated, movements of stock prices are expected to be correlated with one another. There are many reasons why the prices of different stock markets might be correlated. For example, two markets belonging to two different economies might be related through trade and investment. Further, one country's shares are listed on and traded in other international stock exchanges. Therefore, any information regarding the economic fundamentals of one country is transmitted to the other and thus affects the other's stock markets. Many studies have focused on cross-border interdependence between Asian, European and US stock markets including India. The evidence provided by them is mixed, depending on the time and the methodology used in the analysis. The studies by Cheung and Lee (1993) ; Chan et al. (1992) ; Hilliard (1979) and Errunza (1985) have found that the equity markets are segmented. While Cheung and Mak (1992) and Masih (1997a, 1999) have shown evidence that they are strongly integrated. Furstenberg and Jeon (1989) investigated the dynamics of international stock price movements. Their results indicate important role played by the U.S. market in influencing other national markets. Hansda and Ray (2003) examined the interdependence between the BSE/NSE and NASDAQ/NYSE at the aggregate market level and found that evidence of bi-directional causality between the prices of dually listed stocks. This mixed nature of empirical results has motivated further investigate on this issue.
The present study falls in this line of investigation and attempts to investigate the interdependence between the Asian, European and US stock markets using recent time-series. Specifically, the present study uses the multivariate co integration technique based on the work of Johansen and Juselius (1990) to check the number of stochastic trends among the stock indices and the vector error correction model (VECM) to examine the causal relationships among the international stock markets. Present study is justified on ground that the interlinkages of international stock markets are important for portfolio evaluation, derivative pricing, and risk hedging and policymaking. Understanding correlations among stock returns could enable more effective portfolio diversification. Moreover, the political and economic environment and market situation could vary over time, so it is not necessary that the correlations across different markets remain constant over time. Policy makers also are interested in correlations among stock markets because of their implications for the stability of the global financial system. Therefore, it is important to study interdependence across international equity markets. The remainder of this study is structured as follows. Section II provides a review of empirical studies on short run and long run stock market interactions. Section III presents the data and methodology. Section IV deals with the estimation results. Section V provides concluding remarks.
Literature Review
In the Indian context, international linkages between Indian and the US and some developed Asian markets like those of Japan, Korea etc has been examined Rao and Naik (1990) using cross-spectral analysis. They found that the relationship of the Indian market with international markets is poor. They concluded that the poor integration of the Indian market with those of US and Japan is because of heavy controls and restrictions on trade and capital flows in India. Recursive estimation technique has been employed to identify the evolution of the linkages. The results for the 1980s indicate that the relaxation of foreign ownership restrictions was not sufficient to attract foreign investors' attention and other factors must have affected the portfolio diversification decision. Results of the 1990s suggest that the relaxation of restrictions might have strengthened international market interrelations. Country Funds have provided access to highly regulated capital markets. In the context of Asian markets of Malaysia, Thailand, Taiwan and South Korea, Zubaidi et al. (2003) investigated the dynamic interrelationships among markets by employing the Johansen co integration and vector error correction models.
The study also examined the impact of financial reforms on these markets. For this purpose, the study divided the sample into two sub-periods: pre-liberalization (1988-91) and post-liberalization (1992-96) . The empirical results suggest that all the Asian markets are closely linked with one another and with the world capital markets, namely those of the US and Japan, during the post-liberalization era. Wong et al (2005) investigate the long run equilibrium relationship and short run dynamic interlinkages between the Indian stock market and world's major developed countries' stock markets by using weekly data from the BSE 200 (India), S&P 500 (US), FTSE 100 (UK) and Nikkei 225 (Japan) from January 1991 to December 2003. Employing the Johansen Multivariate Co integration and Error Correction models, it is found that there is a unidirectional Granger Causality running from the US, UK and Japanese stock markets to the Indian stock market. Finally, the Johansen Maximum Likelihood estimation method suggests that there is only one set of co integrating vectors in the four-variable system. Similarly, Suchismita and Mukherjee (2005) examined the co-movement of the Indian stock market with developed markets like the US, Japanese and other Asian markets using daily data for the period January 1999 to June 2004. Using pair wise Granger Causality and co integration tests, it was found that the US market may not be playing a unique role in the integration of Asian markets.
The issue of equity market integration of the Middle East and North Africa (MENA) countries with an emphasis on international portfolio investment allocation has been investigated by Segot and Lucey (2005) Using four co integration methodologies, they rejected the hypothesis of a stable, long run bivariate relationship between each of these markets and the European Monetary Union, the USA, and a regional benchmark Employing the Multiplier statistic, Berben and Jansen (2005) investigated shifts in correlation patterns among international equity returns at the market level as well as the industry level. Using weekly data from Germany, Japan, the UK and the US for the period 1980-2000, it was found that correlations among the German, UK and US stock markets have doubled, whereas Japanese correlations have remained the same. Both rates of change and speeds of adjustment vary widely across countries and sectors. Khazali et al. (2006) examined empirically whether, and to what extent, equity markets in the Gulf Cooperation Council (GCC) are integrated inter-regionally by employing multivariate co integration. The study used weekly data from October 1994 to December 2003. The results suggest that there exists a common stochastic trend that binds together the four equity markets of Saudi Arabia, Kuwait, Bahrain and Oman. Thus, these four Gulf markets exhibit a robust long-run (equilibrium) relation and any shortrun departures from the equilibrium path will be internally corrected. It may be detriment to note that most of the existing studies have focused on the US and Japanese markets. In the Indian context, there have been relatively few studies examining dynamic interrelationships across international stock markets. These studies show the dominance of the US and Japanese markets and information flows from these markets to India. Therefore, the study makes yet another attempt to investigate cross border interdependence among international stock markets.
Methodology
Nature and Sources of Data: Daily data were collected from Yahoo finance and DataStream to investigate the interrelations across international stock markets. The study has mainly chosen indices from major developed countries such as United States, United Kingdom, Germany and France and also from Asian countries of Japan, Malaysia, Korea, Singapore, India, Taiwan, and Thailand. It uses most important benchmark index for each country namely, the S&P500 (US), FTSE 100 (the United Kingdom), DAX-30 (Germany), CAC-40 (France), the Nikkei 225 (Japan), SET 50 ( Thailand ) KOSPI (Korea), Kuala Lumpur Composite KLSE (Malaysia), Strait Times Index (Singapore), Taiwan Weighted Index (Taiwan) and the BSE Sensex (India) as an indicator for the Indian stock prices [ Table. Data were collected from the daily closing prices of twelve indices for the period 3 rd January 1998 to 30 th June 2010. All stock prices are converted into natural logarithms to check whether the series are stationary or not. The first step in co integration analysis is to determine the order of integration of each price. The present study employs the Augmented Dickey-Fuller (ADF, 1981) , and Phillips and Perron (1988) unit root tests.
To investigate the long run relationship between the India and other international stock marks, the Multivariate Co integration test is employed. According to the Multivariate Co integration approach, (Johansen and Juselius, 1990 ), a set of variables is said to be co integrated if they are integrated of the same order and a linear combination of these variables is stationary. Such a linear combination would then point to the existence of a long-term relationship between two or more variables. Further, they tend to move together in the end but may diverge in the short run. This test is based on a vector autoregressive system of non-stationary variables, which is represented as:
Xt is a vector of p variables, Г0 is vector intercepts and εt is an independently and identically distributed ndimensional vector with mean 0 and variance-covariance matrix Ht.
The matrix  in above equation is called the long-run impact matrix and it contains information about the long-run relationship among the variables. The number of co integrating vectors is determined by the rank (r) of the matrix, which indicates the number of co integrating vectors. If  is of full rank, or r = p, no co integration is present as all the series are themselves stationary. On the other hand, if  is a null matrix, or r = 0 then no long-run relationship is present as in the system which would be the usual VAR model in first differences. In the case where 0 < r< p, there exist one or more co integrating relationships among the variables. If co integration is confirmed, then the Granger Causality and impulse response function must be based on the Vector Error Correction (VEC) model (Engle and Granger 1987) . The Vector Error Correction model explains the short run relationship between different stock markets and also how these markets tend to make adjustments with one another to the long run equilibrium level. The Impulse Response Function analysis shows that a shock in one market not only affect own market, but also transmits to the other stock markets in the system through the dynamic structure of the VAR. Table 2 presents the correlation matrix. It is clear from table that the coefficients of correlation are high for most stock indices. It indicates that most of stock indices are highly correlated to one another. The result also reveals that the S&P 500 (U.S.A) index is strongly correlated with the European and Asian stock indices. Similarly, Nikkei 225 index is correlated with most of the Asian stock indices including those of India. Table 3 provides summary statistics, such as the sample mean, minimum, maximum, median, standard deviation, skewness, kurtosis and the Jarque-Bera tests and p-values, for the selected indices return series. The daily mean returns for most of the indices are positive, except in the case of All Ordinaries Shares, BSE 30 sensex and Straits Times Index. The standard deviation of S&P 500, FTSE 100 and NIKKEI 225 is higher among all the stock indices. This implies that higher volatility is observed in these three markets compared to with others. The positive skewness coefficient for most stock indices implies that the frequency distribution of the return series is positively skewed or has longer tails to the right The kurtosis value exceeds more than three for most of the stock indices, which shows that the distribution of stock indices returns is leptokurtic or thick-tailed during the sample period. The JB statistics are statistically highly significant and hence we reject the null hypothesis of a normal distribution of the return series. It indicates that most of the stock indices return series deviate from normal distribution. Table 4 presents the results of the unit root tests. The results of the ADF test show that the presence of a unit root cannot be rejected for most of the stock indices at level forms. However, taking first differences of the return series for stock indices, the null hypothesis of a unit root is rejected. These results show that not all stock indices can reject the presence of a unit root, which is non-stationary in the levels, but stationary in first differences. Similar results, observed for the Phillips-Perron test are given in Table 5 . In the next step, the study employs the Johansen and Juselius co integration technique to test for a long run equilibrium relationship among the Asian, European and US stock markets. Johansen and Juselius procedures are sensitive to the choice of lag length for the VAR model and orders of integration of the variables entering each of the VAR models. Hence, the study has selected lag 2 based on Akaike Information Criteria (AIC), Final Prediction Error (FPE) and Schwarz Information Criteria (SIP). Table 6 provides results of the co integration test. They suggest that the null hypothesis of co integrating vectors (r = 0) under both trace and maximum eigen value of tests has been rejected. However, trace and maximum eigen statistic tests reveal the existence of six co integrating vectors, which cannot reject the null hypothesis of a co integrating relationship at the 5 percent level of significance. It implies that there is a stable long run relationship among stock prices across the world. The results support the hypothesis that most stock price indices across the world move together in the end. Table 7 presents the results of VEC Model. The coefficient of Error Correction Term for, SET 50, BSE 30, CAC-40, KOPSI, Taiwan Weighted Index and All Ordinaries Shares are found to be statistically significant. It implies that these markets share the forces of short-run adjustment to long-run equilibrium. In other words, whenever stock indices (SET 50, BSE 30, CAC-40, KOPSI, Taiwan Weighted Index and All Ordinaries Shares) deviates from equilibrium level, other six markets (US, Germany, Japan, Malaysia, FSTE 100 and Singapore) tend to correct back to towards a long run equilibrium level. These results show that stock markets such as those of the US, Germany, Japan, Malaysia and Singapore lead other markets including India Finally, the study examines the effect of one unit innovation of other markets on BSE and vice versa through the impulse response function. The empirical results are presented in figures 1 to 11. They reveal that most of the stock markets respond positively to own shocks rather than other shocks. In other words, the magnitude of response of most of the stock markets to their own shock and the shock from other markets is quite similar for all the markets. The results also show that the response of the BSE to a shock in the US market is positive rather than negative. However, the response of BSE to the US market is stronger than the response of the US market to the BSE. Finally, the results show that BSE stock returns are affected not only by own shocks, but also by shocks from other markets, such as the US stock market.
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Conclusion
The study investigates the dynamic interlinkages between the Indian and the world's major developed stock markets. The daily closing prices of the S&P 500 (US), FTSE 100 (the United Kingdom), DAX-30 (Germany), CAC-40 (France), the Nikkei 225 (Japan), SET 50 (Thailand), KOSPI (Korea), Kuala Lumpur Composite KLSE (Malaysia) and BSE (India) were collected from January 1998 to June 2010. The study employs the Johansen and Juselius co integration and Vector Error Correction Models to examine the short run and long run equilibrium relationships across international stock markets. The results also show a strong co integration relationship across international stock markets. These results proven that most of the stock price indices across world move together in the end. . In the whole, the weight of evidence in this paper is in favor of the conclusion that the US stock market dominates most of the international stock markets under investigate. Response of CAC-40 to Response to Cholesky One S.D. Innovations -.004
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